Introduction
Vanishing lung syndrome, also known as idiopathic giant bullous emphysema, is a rare disease which is characterized by giant emphysematous bullae. In 1937, Burke (1) described a case of 'vanishing lungs' in a 35 year-old male, who had presented with progressive dyspnea, respiratory failure, and radiological and pathological findings of giant bullae. The radiological criteria for vanishing lung syndrome includes the presence of giant bullae in one or both of the upper lobes of the lung, occupying at least one-third of the hemithorax and compressing the surrounding normal lung tissue (2) . There have been numerous reports of vanishing lung syndrome (3-7), however there are currently no case reports of vanishing lung syndrome within one family. In the present study, five patients with vanishing lung syndrome within one family, were reported and followed up for ~20 years.
Case report
Six members of three generations, in one Chinese family, were diagnosed with vanishing lung syndrome. One patient died of pulmonary heart disease with giant bullae and emphysema 29 years ago. The remaining five patients (one male and four females) were included in the present study, and followed up for ~20 years. The average age of the patients was 54 years-old (range, 44-64 years), and the mean disease duration ranged between 12 and 50 years. All of the patients were diagnosed with vanishing lung syndrome according to the radiological criteria previously described by Roberts et al (2) . None of the patients had any prior history of smoking. The major clinical characteristics of the patients are shown in Table 1 . Autosomal dominant inheritance was observed in five cases, and autosomal recessive inheritance was observed in one case (Fig. 1) .
All five patients did not exhibit any symptoms, such as coughing or expectoration, and they did not have any history of pulmonary diseases other than spontaneous pneumothorax. During the episodes of spontaneous pneumothorax the patients presented with symptoms including cough, dyspnea and progressive respiratory difficulty. On physical examination, one patient had normal lung function, three patients had moderate lung injury and one patient had severe lung injury. The first onset of spontaneous pneumothorax was treated with closed thoracic drainage for 1-3 days, after which almost all of the affected lung tissues were shown to be completely re-inflated. All five patients had a history of recurrent pneumothorax. For subject II-14, spontaneous in the left lung were successfully removed by thoracoscopic bullectomy, however the bullae in the right lung was failed to be removed, due to the large number and deep location of the bullae. Open surgery was performed in order to resect the bullae in the right lung. All members of the family underwent chest X-rays. The five patients routinely underwent radiological examinations, including annual high-resolution computed tomography (HRCT). The patients were followed up for ~20 years. All of the radiological images in the present study were analyzed by two experienced radiologists.
Results
In the present study the main radiological findings included diffuse bullae in the lungs of varying size and asymmetrical distribution, and the occurrence of pneumothorax or emphysema.
The morphology of the bullae varied. The chest X-rays showed round, oval and irregular hyperlucent areas in the thorax. The bullae were observed as having thin walls (1-2 mm). Air-fluid levels were observed in one patient. The HRCT scans demonstrated that subpleural bullae were long and round, or irregular in shape, and that some bullae were 'bubble-like' (Fig. 2A) . Intraparenchymal bullae were observed to be round or oval in shape ( Fig. 2A and B) .
The size of the bullae ranged from <2-18 cm in diameter. For all of the patients, the majority of the bullae were 3-6 cm in diameter. The bullae which were <2 cm in diameter were difficult to identify on the chest X-rays, however they were clearly observed on the HRCT scans. Subpleural bullae were large but less frequent, whereas parenchymal bullae were relatively small, with a diameter of <3 cm, but numerous. The HRCT scan of patient II-7 showed numerous bullae (>20 bullae) with various sizes (Fig. 2A) .
Diffuse bullae were asymmetrically distributed in both of the lungs, with upper and middle lobe predominance. Three of the five patients demonstrated upper and middle lobe predominant bullae in both lungs, and the other two patients had upper and middle lobe predominant bullae in just one lung. Bullae were also observed in the lower lung lobes of all of the patients. Bullae occurred in the right lower lobe in three patients, in the left lower lobe in four patients and in both lower lobes in two patients. In addition, all of the patients had subpleural bullae, and four patients had intraparenchymal bullae.
HRCT scans showed that medium and giant bullae exhibited as a hyperlucent area without any obvious lung markings. One or multiple septa lines were observed in the giant bullae in three cases, and the normal lung parenchyma was shown to be compressed together (Fig. 2C) . Furthermore, chest X-rays showed varying degrees of pneumothorax at different time points of the disease, in all five patients. HRCT scans showed that pneumothorax occurred in four patients (Fig. 2D) , whereas pneumothorax was only identified in three patients in the chest X-rays. In addition, four of the five patients had paraseptal emphysema, which was mainly located in the upper and middle lung fields. Centrilobular emphysema was observed in two cases (Fig. 2D ). All patients were routinely followed up annually. The number and size of bullae was shown to increase in a time-dependent manner. New bullae occurred in the re-inflated lungs of the patients, following closed thoracic drainage for the treatment of pneumothorax. No spontaneous regression of the bullae was observed. In addition, during the follow-up period of ~20 years, pulmonary diseases such as lung cancer, tuberculosis, pneumoconiosis, chronic bronchitis and other chronic lung diseases were not observed in any of the patients. One patient additionally suffered from esophageal cancer.
Discussion
Vanishing lung syndrome is an idiopathic disease characterized by the presence of giant bullae within the lungs, which are different from the secondary bullae caused by chronic bronchitis, tuberculosis and pneumoconiosis (8) . The disease is diagnosed by radiological findings of giant bullae in one or both of the upper lobes of the lung, occupying at least one-third of the hemithorax (2) . In the present study, five cases of vanishing lung syndrome were reported in one family, all of which met the diagnostic criteria (2) . In addition, during the ~20 year follow-up period, bullae in these patients were shown to progressively increase, and no lung cancer, tuberculosis, pneumoconiosis or chronic bronchitis were observed, implying that these patients suffered from idiopathic vanishing lung syndrome. It has been previously reported that vanishing lung syndrome predominantly afflicts young male smokers (9) . However, in the present study four out of the five patients reported with vanishing lung syndrome in the family were female, and none of them had a prior history of smoking. Furthermore, although previous studies have reported several cases of vanishing lung syndrome (3-7) , the present study is the first, to our knowledge, to report on the cases of five patients with vanishing lung syndrome, all within one family.
The clinical manifestation of vanishing lung syndrome is dependent on the size, range and type of bullae, as well as the presence of spontaneous pneumothorax. Frequently, patients with vanishing lung syndrome exhibit symptoms of decreased lung function, and have cough, dyspnea and progressive respiratory difficulty during a pneumothorax episode (10) . In the present study, all five patients were observed as not having any symptoms or signs when no pneumothorax occurred, and presented with cough, dyspnea and progressive respiratory difficulty during the pneumothorax episodes. In addition, bullae can be classified into three types: Type I, single bullae in one or both lungs; Type II, multiple subpleural and parenchymal bullae with a size of 3-6 cm in diameter in both lung; and Type III, diffuse bullae with different sizes in both lungs (11) .
The etiology and pathogenesis of vanishing lung syndrome remains to be elucidated. It has previously been reported that bullae may be caused by dilation of the alveolar walls, due to congenital dysplasia or the insufficiency of pulmonary elastic fibrous tissues (12) . Ruptured bullae lead to the occurrence of pneumothorax. A deficiency in the α1-antitrypsin protein has been previously reported to be associated with familial spontaneous pneumothorax (7). In addition, Sharpe et al (13) reported that the human leukocyte antigen haplotypes A2 and B40 were associated with familial spontaneous pneumothorax. In the present study, autosomal dominant inheritance was observed in five cases of vanishing lung syndrome, and autosomal recessive inheritance was observed in one. Therefore, autosomal dominant and recessive genetic inheritance may be associated with vanishing lung syndrome.
The diagnosis of vanishing lung syndrome is based on radiological imaging. Routine chest fluoroscopy and radiography is an economical and fast method used to identify the disease. Routine computed tomography scans, particularly HRCT scans, can identify the distribution, morphology, number and size of the bullae, as well as the range and type of emphysema and pneumothorax present. HRCT is also helpful in preoperatively determining the size, type and extent of bullae and emphysema in patients prior to undergoing bullectomy or lung volume reduction surgery. In addition, HRCT may be used to identify the extent of lung compression, therefore providing a radiological basis for the planning of future surgical procedures. Stern et al (7) reported nine cases of vanishing lung syndrome, which were examined by HRCT, and found that the bullae were predominantly located in the upper lobes, and six patients had bullae in the lower lobes. These findings are consistent with the present study, which found that bullae were predominantly located in the upper and middle lobes, with the involvement of the lower lobes.
In conclusion, the present study reported on the case of five patients with vanishing lung syndrome, within one family. Vanishing lung syndrome was shown to be associated with autosomal dominant and recessive genetic inheritance. It may therefore be hypothesized that the diagnosis of familial vanishing lung syndrome should include two relatives also with the disease, as well as meeting the radiological criteria previously described by Roberts et al (2) . In addition, the disease should be distinguished from secondary bullae caused by pulmonary diseases and cysts.
